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Support Tool
Moving fr

y June C. Rugh and David L. Peterson 
ror's Nore: This arricle (rhe second in a 
esofrwo) represell/sa research efforr on rhe 

r ofrhe Pacific Norrlm·esr Region/a offer an 
roach for de1•eloping a dynamic, rechnical/y 
rousim•emory & moniroringprogram wirhin 

h park. Based on srare-oj-rhe-arr merhods 
 analyses. ir offers pracrical srraregy and 
porrrools r/wrwi/1 Jacilirare I&M program 
elopmenr among parks. 
With the help of the interdisciplinary plan­
g team described in the previous article (Park 
nce, Fall 1992). most parks will be able to 
elop a broad i nvcntory and monitoring (I &M) 
al" plan that encompasses a diversity of 

jects. However budgetary a nd personnel 
straints mean that decisions must be made 
ut the relative value and feasibi lity of vari­
 projects within the overall plan. This is a 
plex process involving a wide range of 
es and hundreds of ind ividual decisions: 
ing a systematic approach. many of those 

i sions may be made with limited knowledge 
y intuition alone. The support tools dis­

sed here--the Analytic Hierarchy Process 
 supporting software. Expert Choice 1--are 
core of a new analytical framework for l&M 
ning, providing both strategic and technical 

port for resource managers. 

The Analytic Hierarchy Process (AHP) is a 
ctured approach to decision-making that 
ws resource managers to incorporate a large 
ber of criteri a and judgments including 

se based on experiential knowledge or intu­
n. Decis ion-makers are able to weigh the 
tributions of each option and arrive at a final 
ssment (or priority) that is both consistent 

 defens ible. Applied to J&M program 
elopment. this approach focuses on three 
cific steps: ( I ) Identify I&M projects: (2) 
ritize projects: a nd (3) Maximize total I&M 

gram value over all projects. 
First, decision-makers identify potential I&M 
jects that would ful fi ll program objectives. 
ond, these projects arc prio ritized based on 
r total contribution to the I&M program 
ls. AHP is used as a systematic technique to 
rmine those priorities. which represent the 

inable value each project brings to the pro­
m as a whole. Third. budget and personne l 
itations arc worked into program planning in 
er to maximize the total I&M program value 
r all implemented projects. 

Park personne l need not be fami liar with the 
nical details of the AHP and related soft· 
e: the reg ional I&M coordinator would op· 
e the ~oft ware. working with resource man­
rs to derive model inputs and evaluate model 
puts. However some conceptual background 
 c larify AHP's role in I&M planning. The 
cipal ideas of AHP are (I) the use of hierar· 
s to structure decision-making. and (2) the 
lication of judgemenrmeasures and formal 
hemarics to express and quantify individual 
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ferences. 
As a bas ic paradigm. the hierarchy is par- F ig
s for I&M Decision-m
om the Ideal to the R
ly useful because it is stable. resisting 
tions: it accommodates additions easily: 

ponents can be arranged in a modular 
n. allowing efficient modifications. and 
. the hierarchy is capable of incorporating 
 number of clements economically. 

 construct a hierarchy. a primary goal is 
 at the top. For example, the goal in 
 2 is to choose the most desirable car: the 
a for this decision are initial cost. mainte­
costs. fuel costs. resale value, status. 

rt. and re liability. (Additional tiers of 

P
ment
of th
comp
sonal
make
of ini
vs. re
migh
tant t

T
with 
ure 1 Conceptual overview of the inventory an
aking: 
eal 

airwise compari~ons among hierarchy ele­
s at any level provide a rat io scale ranking 
ese clement~. Fir~t. the maiu criteria are 
ared with respect to the goal. Here, per­
 judgment comes into play: the decision­
r enters judgments a' to the relative value 
tial cost vs. maintenance costs. initial cost 
sale value. and so on. Thus. the initial cost 
t be judged to be moderately more impor­
han maintenance costs. 
he next step i ~ to compare the alternatives 
reria would be added in a more involved 
Alremarive.1· are the actual car models 

con~idered and compared: VW, Honda, 
. and Cadillac. 

respect to each criterion: the user records 
j udgments for VW vs. Honda with respect to 
initial cost. and ~o forth. Throughout this pro­
cess. the more subjective elements such as intu­
ition. experi ence. o r personal preference 

Conceptual Model of the National Park Service Inventory 
and Monitoring (I&M) Program 

Define Management Goals and Objectives 
for an I&M Program 

I 

t 
Evaluate Available Data r+- Monitoring ~-

Examples: Examples: 

• Bibliography of research • Monitor changes in selected 

• Species I ists 
populations 

• Vegetation map 
• Monitor changes in species 

composition/community structure 
• Description of physical • Monitor selected ecosystem 

environment processes 
• Human use (activities) • Monitor climate 

t • Monitor changes in air and water 
resources quality 

• Develop Conceptual Model • Monitor soil and geological 
resources 

• Identify invsntory needs • Monitor effects of anthropogenic 
stresses on selected species. 

t 
populations or ecosystems 

• Monotor changes in landscape 

 Inventory 
patterns (e.g .• fragmentation. 
corridors. buffer zones) 

Examples: 
• Monitor human activities 

• Analyze historical data 

• Abundance and distribution of 
selected species 

• Air and water resources quality 

• Data integration (GIS) 

• Surveys of selected populations 
and communities 

Analysis and Synthesis t 
Examples: 

Design Monitoring • Analyze and synthesize data 

Program ~ • Create predictive models 

• ldentily hypotheses and monitor-
• Make management 

~-··· 
recommendations .. ong pnontoes 1-

• Develop monitoring protocols 
• Report findings 

• Identify new needs. threats and 
• Identify additional inventory needs concerns 

 • • .1 
d monitoring process in natural park areas. 

Park Science 
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Figure 3 Rating I & M projects using the Analytical
reds of qualitat ive and quantitative assess­
s simultaneously to establish linkages and 
late final priority rankings quickly and 

rate ly. It also enables a resource manager 
plore the nature of decisions used in the 
 planning process. 
he knowledge database created can be 
ged or updated at any time. making it an 
plary tool for l&M decision-making. 
over, the model can accommodate any 

da the park might wish to include. This is 
cularly pertinent to resource management 
ing by federal agencies, which often re­
s consideration of political issues. 
ost important, AHP/EC does not make 
ions for managers. but instead facilitates 
rocess of decision-making. By providing a 
ework in which l&M and resource man­
ent planning issues can be addressed and 
tified explicitly, these tools offer resource 
agers unprecedented decision-making 
r. versatility. and accountability. 

hen allocating resources within I&M pro­
 planning, the goal is to do the most l&M 
 Hierarchy Process 

23 
m
rk possible within established budget and 
sonnel limitations, with '·most'' defined as 
 greatest total program value. This means 
t an individual project" s value to the program 
ne can determine the most effective 

BEST CAR 

intenance Resale Reliability 
st value 

W • VW • VW 

onda ·Honda ·Honda 

hevy ·Chevy • Chevy 

adillac · Cadillac ·Cadillac 

f the Analytical Hierarchy Process 

 Ratings 
__j 

Suppon ~l P<ovode J [ anagemenl Earl Companson 

Decrsron Warnr~g wrth other '", ~ ~'I~ 
eed tor da1a Sullrcrency 
to support of data ltom 
dec•s•on the pro,ect 

A 
s syste matically quantified as objective 
s such as cost. With sets of these pa~r'.'.':~e 

ansons. :.1 n tio s:;ale emergr;s that captures 
iority of the re lated elements with respect 
 comparison criteria. 
rther options, such as combining judg­
 concerning several criteria. are avai lable 
ll. Figure 3 illustrates the AHP as applied 
 process of rating I&M projects. 
hen applied to I&M planning, AHP would 
e managers to define criteria for priorities 
straightforward yet versatile way. For 
ple, priorities may be set for part of an 
plan based on econom ic and biological 
s. The biological factors may be subdi ­
 into several subfactors, such as endan­
 species status, susceptibility to air pollu­
nd geographic distribution. Each of these 
cto rs can be further divided into yet an­
set of subfactors for a finer resolution. 
ierarchical process can continue for many 
 to include a ll possibilities that should be 

dered. with ran kings assigned to each level 
 process. 
e linkages become complex after only a 
vels and cannot be tracked efficiently w ith 
l and paper. Forth is reason, AHP has been 
orated in the software package Expert 
e ' . This software allows the user to apply 
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location of resources. Similarly, a cost-ben­
it approach--wherein projects with the best 
onomic payoff gamer the highest ran kings-­
lls short by not including other constraints, 
ch as personne l time. 
Schmoldt et al. ( 1992) have formulated an 

teger programming model which, by combin­
g AHP and linear programming, maximizes 
tal program value, subject to spec ified con­
aints. With technical support from the I&M 

am, resource managers would enter the mini­
um constraints (budget and personnel limita­
ns) into the mathe matical fom1ulation. Other 
n traints, such as restrictions on project tim­
g. could be factored in as well. For example. 
a particular project to analyze snow chemistry 
ould not be performed until a geographic 
rvey of snow has been completed, then those 
nstraints would be added to the formulation. 
As the final step in the resource allocation 

ocess. priority values estimated from the AHP 
ercise would be used as coeffic ients in the 
teger programming model. 

As in any optimization procedure, the results 
 this ··constrained optimization" approach will 
 only as realistic as the parameter values used 
the calculation . More accurate budget or 
r~onnel estimates, or revised value judgments, 
n alter the emerging I&M program. Repeated 
e of this process wi ll insure that results are 
ceptable and stable. 

1 Tradenames a re used for information 
rposes only. No endorsement by the U.S. 

epartment of the Interior is implied. 
Rugh is a technical writer and Peterson is a 

search Biologist at the U/WA CPSU, Seattle. 
hmoldt is a Research Forest Products Tech­

logist with the USDA Forest Service at 
acksburg, VA. 
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